Highlights
of the households, but there is no up to date breakdown of the energy consumption in the residential 23 sector. The Palestinian energy sector main challenges are the high fuel prices, lack of sustainable 24 consumption and energy insecurity. Developing energy policies and studying the potential of 25 shifting towards more independent and sustainable energy sources needs a clear understanding of 26 the current energy consumption. The main contribution of this paper is a regression model to 27 estimate the energy consumed for heating in the housing sector in Hebron. The survey was used to 28 collect quantitative and qualitative data. The total number of households in Hebron who responded 29 to the survey was 322 households. The survey tackled physical characteristics of the dwellings, 30 socioeconomic features of the households in addition to the pattern of heating the spaces, quantity 31 and type of fuel used for heating. On average the households heated only 9.2% of the total area of 32 their houses during the winter days. Based on the data collected from the survey, a regression 33 model is developed to estimate energy consumption with an R 2 adjusted 0.606 indicating 60.6%
Introduction

12
Palestinians procure most of their electricity and energy resources (excluding fuel wood) from Table 2 compares the residential electricity block tariffs 24 in Lebanon, Jordan and Palestine. In these countries when tariffs are unable to cover the fuel source 25 bill and operating costs, government subsidies cover the gap between expenditures and revenues.
26
The electricity prices for the consumer in Lebanon is the lowest compared to Jordan and Palestine.
27
While the prices for the blocks with the lower electricity consumption blocks in Jordan is lower 28 than in Palestine, the prices in the higher consumption blocks is slightly higher in Jordan. The
29
Israeli electricity tariff follows the voltage capacity with a peak/off peak and a seasonal tariff, hence,
30
it cannot be compared with the previous countries (The Israel Electric Corporation LTD., 2012). Due to the costly and insecure imported energy, in addition to the exigent and increasing demand, 
32
15
Rational Investment in renewable energy needs to be preceded by energy optimization. In Palestine, 16 most of the energy consumed by the residential sector and should be among the targeted sectors in 17 any energy policy that tends to shift to more sustainable energy technologies to increase energy by the household per month for certain months. Table 3 shows the average amount of electricity and Domestic Hot Water (DHW) consumption (Ouda, 2010) . It also shows that space heating comes in 1 the first category for using the hydrocarbon fuel. heating system audit and calculating the amount of fuel used as will be explained in section 3.
5
The goal of this paper is to create a model for predicting the heating energy consumed in Hebron 6 residential buildings and to shed light on the main factors that influence the consumption.
7
Understanding the consumption of each of the uses like cooking and lighting is essential, however 
31
The third category which influences the energy used for heating is the households' characteristics situation is a main determinant of the heating consumption (Tiwari, 2000) . Figure 2 illustrates the 1 main factors that contribute to the energy usage in the housing sector.
2
This research uses an empirical investigation through a survey method for data collection as will be 3 explained in section 3. Hence, the parameters that is included are the ones that are simple enough 4 for the respondents to answer. Technical parameters like U-value or efficiency of the heating 5 system were not included. In addition, parameters that needs spatial survey of the dwellings like the 6 openings to total area is not included too. In this paper 17 socioeconomic and physical parameters 7 are studied to determine their impact on the heating energy consumption as shown in table 4. Bieber, 2016). These issues should be tackled carefully when developing the statistical models.
11
Due to the lack of detailed data on the actual thermal characteristics of the Palestinian residential 12 buildings, the statistical approach was the most suitable method identified to be used in this research.
13
It is beneficial in cases where it is difficult to collect detailed physical features like building of the paper discusses the regression models and how they are developed. Linear regression has been used in several studies to define the factors that influence and predict the 
11
For example, a multivariate regression analysis was used to explore the overall effect of socio- The questions of the survey were a combination of multiple choices using Likert scale in addition to part tackled the household characteristics, such as the number of occupants, income and age range.
32
The second part focused on the housing properties, such as age, building materials, location, typology and area. These parts included the main physical and socio-economic factors that 1 potentially have an impact on the energy consumption for heating and cooling. Figure 2 is an 2 example of the questions that focus on the socio-economic situation of the households. The third 3 section concentrated on the heating and cooling patterns in the spaces, type of fuel and system used 4 and frequency of heating (see Figure 3) . The fourth part assesses the thermal comfort however it is 5 not discussed in this paper. The questions were designed to fit the purpose within the specific Palestinian context. The were asked about the type of electric heating system used and duration of using. Fuel delivery takes taking into account average capacity of the kerosene tanks of the common used heating systems.
19
The respondents defined also the total amount of wood they used for heating in tonnes. 
Sampling method
21
A multi-mode survey depends on more than one way of collecting data to increase the response rate 
13
The total number of responding households from both methods in Hebron was 322, which exceeds 14 the required sample. The number of respondents from Hebron using the internet survey method 15 were 259. The main criticism of the internet-based sampling is that they cannot be generalized as survey. The number of responses using this method was 63 (returned percentage of 63%). 
Heating energy calculations 26
The respondents first had to choose the type of energy used for heating. The main types of fuel used 27 for heating in Palestine are wood, LPG, kerosene and diesel, in addition to electricity (PCBS, 2015 a ).
28
Each of these fuels' consumption was calculated using a certain formula depending on the 29 frequency of consumption of the heating system. Each heating system of wood, LPG, kerosene and 30 diesel was assigned a coefficient in order to calculate the energy in kWh as demonstrated in Table 5 . Regarding the diesel and the kerosene tanks it has been assumed that the tanks are refilled when AHC (kerosene) = 6 *N*D*10.3*0.9 (kWh)/year) (Eq. 4) To assess the energy used in the heating using electrical systems, the most commonly used heating 9 electricity systems in the Palestinian market were explored and the average amount of wattage of 10 each system was taken from the producer catalogues as illustrated in Table 6 . During site visits of 30 houses in Hebron the temperature inside the houses in winter was measured.
11
22
The average temperature was found to be 12.6 C° in the sitting rooms in the 30 houses. It was also 23 noticed that households who used heating system 2 and 4 in Table 6 were operated on the maximum 24 wattage to get the maximum amount of heat. Hence, the equation of the electric heaters assumes 1 that systems 2 and 4 in Table 6 operate on the maximum wattage.
2
In addition to the previous systems, people also use air conditioning system, not only for cooling catalogues are given in Table 7 .
7 overcame using ridge regression model as explained 23 in Figure 4 that summarizes the method used in this 
Households' socioeconomic characteristics and heating costs 13
The average households' size in the survey is 5. 
The housing characteristics:
1
The survey reveals that the dominant housing typology differs according to the type of settlement.
2 Table 9 shows the percentages of the housing typologies in the city, the villages and the refugee 3 camps in Hebron and compares them to the PCBS (PCBS, 2015 a ). The single housing is the 
Housing Area
16
The area of the housing units was calculated by multiplying the number of rooms by 12 m 2 and the shows that partial insulation in the external walls is common. 
22
The households essentially rely on more than one type of heating system using different fuels to The second type of heating system in all of the settlements was the LPG heaters. Despite the fact 31 that LPG heaters are unsafe, they are popular since unlike most of the electrical systems,
32
households prepay for the LPG bottles and thus control their heating expenses. The percentage of 1 households using this system in the city was higher than in the villages or the refugee camps. The 2 main reason behind this pattern of consumption is that the number of local distributors and 3 frequency of supply in the city is better than in the villages or the refugee camps making it more 4 accessible to households in the city. Around 37.0% and 22.0% of the households in the city and the 5 villages respectively used the air conditioning system for heating. People tend to use them since 6 they are safer and distribute the heat better than the conventional electric heaters.
7
The type of settlement with the highest percentage of wood burning fireplaces was the villages, 8 followed by the city and the refugee camps as the wood there is more accessible. Central heating 9 systems were popular for heating the houses in Palestine during late eighties and the early nineties.
10
The use of central heating was popular when the fuel prices were reasonable; however, the use of The consumption in the apartments in the residential buildings in the city is less than the apartments 10 in the extended family multistory building. This can be due to that extended households share the buildings and hence increased heat loss from dwellings to these spaces and due to lack of insulation, 20 households tend to not to consume energy that will be wasted by heat loss. 
Heating energy, total area and specific heating 11
The house size and the number of rooms contribute towards the total energy consumption of a house 12 (Morrison and Gladhart, 1976 ). Mileham and Brandt (1990) have found that the best predictor of money 13 spent on energy is the size of a dwelling. However, in this study due to the other many socio-economic and 14 political factors the energy consumed for heating shows no direct relationship with the total area as 15 illustrated in Figure 12 , which means that there is no direct relationship between the two variables. Other 16 variables potentially have an impact on the heating energy consumption like the house layout, surface to 17 volume ratio and openings to total area ratio which were not part of the survey. The specific heating energy (energy/sqm) is the highest in the apartments in residential buildings 3 followed by the single housing and the apartments in extended family buildings respectively as 4 shown in Figure 11 . The average area of the apartments in residential buildings is less than the other 5 types of housing as shown in Figure 6 .
6
The specific heating energy (energy/sqm) is the highest in the apartments in residential buildings 7 followed by the single housing and the apartments in extended family buildings respectively as 8 shown in Figure 11 . The average area of the apartments in residential buildings is less than the other 9 types of housing as shown in Figure 6 . Regarding the single housing, and despite that the average 10 area is the highest in this typology, single housing is more exposed to the external environment than 11 the other housing typologies which means that the heating loss is higher and more heating is needed 12 to maintain a certain level of warmth. The specific heating energy in the apartments in the extended 13 family buildings and in mixed use buildings comes in third place and fourth place respectively 14 which reflects the average area of these typologies in the survey. demand. Figure 13 depicts the number of households that heated the different spaces during a 14 typical winter day.
15
In order to calculate the nominal heated area, the area of the average room (3.5 *4m) was multiplied including comfort preferences, energy cost and occupancy rate that affects the duration of heating.
6
The average calculated heated area of the single housing was very close in the city, the villages and 7 the refugee camps. Similarly, not much variation was found between the calculated heated area in 8 the city and the villages in the mixed-use housing. On the contrary, a discrepancy was noticed in the 9 apartments in both extended family housing and the residential buildings in the three types of settlements. The previous discussion shows that the households spatial experience shrinks during 11 winter due to the inability to heat all the areas in the house. Where i is the ith influencing factor and F is the value of the factor as shown in Table 10 In order to assist the shift towards more independent and sustainable energy technologies in
5
Palestine the current energy consumption should be identified and optimized. This paper main 6 contribution is a regression model that estimates the heating energy consumption in the residential 
12
The households' monthly income and occupancy period were found to have a significant impact on fenestration design, and volume-to-surface ratio. 
